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EXECUTIVE SUMMARY

The Ottice or Engineering and Teohnology (OST) is studying the
availability ot speotrum tor advanoed television (lTV) syst_s. 111 ot the
proposed lTV syst_s now under oonsideration require either DO additional
spectrum, 3 additional MHz, or 6 additional MHz. The OST study investigates
the availability ot speotrum in blooks ot 3 or 6 MHz within the bands
currently allocated tor terrestrial broadcast ot television.

The stUdy examines possibilities tor providing additional speotrum
adjaoent to each channel presently assigned and also the larger class ot
possibilities in which the additional blook ot speotrum may be located
elsewhere in one or another of the bands allocated to TV broadcasting. A
later phase will investigate the question of whether substantial
improvements in spectrum availability oould be obtained through a limited
amount of repacking of the TV allotments.

Table 1 summarizes results so far. Two distanoes (160 and 300 km) are
tried as minimum separations and give what we believe are reasonable upper
and lower bounds on the percentage of stations that can be assigned
additional spectrum. The 160-km separation distanoe (100 miles) would
accommodate the most stations. However, spacings this close would require
that ATV receivers be able to operate with much lower signal argins than
existing NTSC reoeivers (6-10 dB vs. 28-45 dB). This oondition may be very
difficult for ATV technology to achieve. On the other hand, the 300-km (186
miles) spacing approximates the current NTSC cochannel minimum separations.

The tabUlated nationwide percentages were found by a oomputerized
exploration of assignment possibilities assuming no restrictions (~, UHF
taboos) on augmentation channel assignments other than cochannel and
adjaoent channel constraints. While this assumption may be reasonable tor
new ATV receivers, some additional restrictions, such as the image taboo,
may continue to be necessary to protect existing NTSC receivers. This would
result in some reduction in the number of stations that could be
accommodated.

In generating the tabUlated values it was also assumed that the
appropriate protection for canadian and Mexican stations is the same as for
those of the U.S. Present international working agreements provide
significantly greater protection and, if such protection is maintained,
would decrease the number of stations accommodated.
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Table 1: LARGEST PERCENTAGE OF NEW ASSIGNMENTS FOUND POSSIBLE NATIONWIDE

The minimum separation distanoe tor adjaoent speotrum
assignments is 96 km (60 miles) in all oases below.

VHF stations may be augmented in UHF and
vioe-versa; no preferenoe for contiguity.

VHF stations augmented in VHF; UHF in UHF;
oontiguous assignments wherever possible.

50S
3M

77S
60S

94S
84S

3
6

. 3
6

I STATIONS ACCOMMODATED
AMOUNT I FOR MINIMUM SEPARATION

OF ADDED I AS INDICATED:
SPECTRUM I 160 km I 300 km

(MHz) I (100 mi) I (186 mi) CONDITIONS
---------1-----------1------------1-------------------------------------------

3 I 77S 22S Added speotrum is contigUous with the
6 I 63S 17S ourrent assignment ot each station.

I
I
I
I
I 100S
I 96S

Of partioular importanoe is the faot that many of the stations not
aooommodated in the Table 1 analyses would be in major cities. The
tabulated peroentages are the result of attempts to make the greatest number
ot assignments nationwide without speoial regard for stations serving major
oities. We have not explored oonditions under whioh all stations of major
oities can be aooommodated, or the extent to which both nationwide and major
oity requirements can be met simUltaneously. However, it assignment
oriteria are unitormly applted in all areas, the results for major cities
may be signifioantly less than for the whole country, as indioated by the
sample results below:

Table 2
SAMPLE RESULTS IN 10 MAJOR CITIES

WHEN LARGE HUMBER OF ASSIGNMENTS IS SOUGHT FOR NATION AS A WHOLE

Conditions: Assignment criteria applied uniformly in all
parts of the oountry; VHF stations augmented with VHF
spectrum and UHF with UHF; contiguous anignments wherever
possible; adjacent channel separation ot 96 km (60 miles).
Column headings show oochannel separation and augmentation
channel bandwidth.

AREAS OF
INTEREST

PRESENT
NO. OF

STATIONS

PERCENT OF STATIONS ACCOMMODATED
6 MHz I 3 MHz

160 km I 300 km I 160 Km I 300 km
--------------1------------1---------1---------1---------1--------
Major oities I
United States I

116
1760

59S
84S

28S
3M

35S
50S
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The study concludes that if 100' of existing TV stations are to be
accommodated with added spectrum for ATV, the teohnology must allow
operation at substantially reduoed interferenoe protection ratios;
alternatively some reduction in service areas would have to be aooepted. It
is not olear that these are realistic conditions for growth of an ATV
service.

Additional work now planned will take into aooount certain taboos (to
proteot ourrent TV receivers) and will seek to improve results throUSb a
limited amount of repaoking, that is, by mnor adjustments ot channel
allotments. This etfort will look tor ways to iDoreue the peroentage ot
stations that can be given lTV augmentation speotrum with less severe
short-spacing than associated with the results presented here.
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INTRODUCTION

General

The availability of speotrum for advanoed television servioes is a
prinoipal oonoern of a proceeding ourrently before the Commission. In July
198'7, the Commission issued a Notioe of InquirY beginning an investigation
of the issues arising from the potential introduotion of advanoed television
(ATV). 1/ In partioular, the Commission is conoerned with the possible
impaot this new servioe would have on the existing television broadcast
service and on the Commission's speotrum allooation and television channel
allotment polioies.

The study reported here explores the availability of additional
speotrum for ATV in the frequenoy bands currently allocated for terrestrial
TV broadoasting. £/ The additional speotrwa would oOJle from UHF ohannels
made available by eliminating oertain restriotions now imposed by the
so-oalled "UHF taboos" and by reduoing the geographical separation now
required between oochannel and adjaoent channel assignments. This easing of
assignment oriteria requires technologioal improvements in television
transmission systems and receivers. In partioular, new ATV technology must
provide substantially better interferenoe rejeotion characteristios than the
ourrent NTSC system.

ATV SYstems and Speotrum Options

A variety of ATV systems are under development. Examples are listed in
Appendix A. In general, these syst_s tall into three broad oategories:
(1) those that can operate within a single 6-MHz channel, i.e., no
additional speotrum is required; (2) those that require an additional 3-MBz
channel; and (3) those requiring an additional 6 MHz.

Speotrum availability is a oonoern even for some systems designed to
operate within 6 MHz. Although some of these are compatible with existing
NTSC receivers and do not require additional speotrum, others are not
compatible. Preservation of existing servioe during implementation ot such
systems would necessitate simulcasting in a separate channel trom the main
NTSC TV ohannel.

Certain of the ATV systems requiring additional spectrum of 3 or 6 MHz
also require that the additional spectrum be adjaoent, or contiguous, to the
existing TV channel. A description of how channels may be expanded with
contiguous speotrum is given in Appendix B. Some of the limitations assooiated
with expanding existing TV ohannels with additional oontiguous speotrum can
also be seen in Appendix B. This study investigates the availability ot
speotrum for both oontiguous and non-contiguous speotrum options.

1/ See Notioe of Inquiry in MM Docket No. 8'7-268, 2 FCC Rec~rd 5125 (198'7).

£/ The availability of spectrum in other bands (~ 2.5 and 12 GHz) is not
addressed, and no attention is given to proposed ATV systems that would

.--- operate within the 6 MHz presently assigned sinoe they do not pose a
speotrum aVailability problem.
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ORGANIZATION OF THE ANALYSIS

The availability of spectrum for ATV is explored for a range of
possible minimum seParation distances and a variety of conditioDs related to
the frequency separation between current and new assignments. The special
case of contiguous supplemental channels is examined as well as more general
cases in which supplemental spectrum may be separated from current
assignments. 3/ Future work will investigate the question of whether
substantial improvements in spectrum availability oould be obtained by
adjustments in the present table of TV allotments.

Methodology

The investigations are made using a oomputer program. The program
explores possibilities for additional assignments nationwide, taking into
acoount constraints due to stations of canada and Mexioo and land mobile
reservations. The program tries to find the largest number of stations that
can be accommodated nationwide. No preferences are given to the ooverage of
large urban areas.

The method used in the study is necessarily heuristic rather than exact
because the number of possible ways to make assignments is too large to be
examined completely, even by computer. The difficulties are easily
appreciated: Since we cannot oonstruct and individually evaluate every
possibility, we must select a particular station for the first assignment
and proceed sequentially. However, assignments made early in this process
may later preclude making assignments to other stations. To make a large
number of assignments it is necessary to make a good (in the sense of
ultimately successful) ohoice of the order in which stations are addressed.

The method orders stations according to the apparent difficulty of
finding a supplemental channel for them, and assignments are then made where
possible to the stations in this order. The supplemental channel chosen for
suocessive stations is one which, looking ahead, seems minimally to affeot
subsequent choices. After all stations have been addressed in this way, the
entire process is repeated using different reordering criteria and different
look-ahead techniques. Finally the largest number of stations aooommodated
in these trials is accepted as an estimate of the largest possible number of
stations. These methods and their application to television allooations are
described by William Hale [1].

1/ Augmentation by spectrum in the same band and olose in frequenoy to the
current assignment may be desirable even if not absolutely required.
Problems may otherwise arise from radio propagation differenoes between the
two component channels, and practical TV receivers may not be able to
reconstruct the desired high quality ATV display. Diffioulties of this kind
are expected to be greater when there is wider separation in frequency
between the main channel and the augmentation spectrum. The effects of
these considerations are partially explored in this study by oomparing
spectrum availability in the absence of frequency separation constraints
with availability under the condition that augmentation spectrum must be
from the same band as the existing assignment (i.e., VHF stations augmented
in VHF and UHF stations in UHF).
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The total number of assignments made in the computer runs are
significant as indications of what can be achieved by oertain broadly
outlined assignment strategies but are less useful as speoific assignment
plans. Many important details, such as coverage of _jor cities and
frequency separation between new and ourrent assignments, would need to be
considered in developing aotual assignments plans.

Rance of lssumed Distanoe Separations

TV allotments are determined in part by the ability of television
receivers to rejeot undesired signals in favor of the desired sisnal (DIU
ratio). For instanoe, all stations IlU8t be located in such a way that those
operating on the 88Jle channel or adjacent channels are separated by oertain
minimum distanoes; otherwise reoeivers would not be able to rejeot the
undesired cochannel and adjaoent channel signals. In addition, oertain
combinations of UHF ohannels are assigned only at specified m1DiauII
distances from one another because UHF reoeivers are particularly
susceptible to interference from these combinations in any particular area.
The resulting allocation constraints are known as UHF taboos. ,!I

This study presumes that advances in the technology for delivering lTV
service may allow the minimum distance separations for lTV stations. to be
less than those currently required. The UHF taboos have been ignored. ~/

Only the separation distances required to reduce adjacent and oochannel
interferenoe were observed.

To reflect the possibility of closer cochannel spacings for lTV
stations, spectrum availability is examined over a range of minimum required
separation distances. The study finds an approximate upper bound on the
percentage of stations that caD be assigned additional spectrum under
minimum separation criteria .ranging from 300 km (186 miles) to 160 km (100

11 The UHF taboos and associated minimum separation distances to the nearest
kilometer (or mile) are (see FCC Rules [2]):

(1) Intermodulation, cross-modulation and half-IF (n + or - 2, 3, 4, and
5 ohannels): 31 km (20 miles);

(2) Local oscilator (n + or - 7 channels): 96 km (60 miles);

(3) IF beat (n + or - 8 channels): 31 km (20 miles);

(4) Sound image (n + or - 14 channels): 96 km (60 miles);

(5) Picture image (n + or - 15 channels): 120 km (75 miles).

21 The characteristics of the existing population of TV reoeivers, however,
oannot be ignored. lcoordingly, Oft undertook a separate study of the
immunity of existing TV receivers to lTV signals (see reference [3]). This
study ooncludes that through careful design of lTV transmissions, many of
the current taboos may not need to be applied. Nevertheless, this matter
will have to be examined more closely when actual lTV equipment beoomes
available for test.
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miles) • The distanoe of 300 km was chosen to represent the present RTSC
oochannel minimum separation distanoe. 9.,1 Closer spaoings were tried until,
at 160 km, it became possible under certain conditions to aoOQlllllOdate 100'
ot stations. (To obtain this full aooo_odation at 160 km it is neoessary
to supplement some VHF stations with speotrum in the UHF band and
vioe-versa.)

Although separations as small as 160 km (100 miles) vere investigated,
substantial questions remain about whether it is realistic to consider
making oochannel assigDllents this olose. SUch spaoings would require that
ATV receivers be able to operate with much lower signal ....gins than
existing nsc reoeivers. NTSC servioe extends to at least about 61& laI (1&0
miles) without interterenoe trom oochannel stations with today's minimum
spaoing requirements. To provide the same ooverage tor ATV stations
separated by only 160 kII, receivers must be able to operate with a signal
margin of only 6-10 dB in plaoe ot the 28-45 dB margin typioal ot RTSC
rtoeivers. This condition may be very dittioult tor ATV technology to
achieve, and shortcomings in this respect would result in reduced service
areas.

If stations are allowed to be geographically closer to one another than
they are at present, the new ATV broadoasting technology must provide
improvements in the interterenoe rejeotion capability ot TV receivers.
Receiver charaoteristics in this respeot are determined by tests in which
the desired-to-undesired (DIU) signal ratio at the input ot the reoeiver is
correlated with TV picture quality as rated by observers. The tests are
made under laboratory oonditions in which the desired and undesired signal
inputs can be varied to study the full range ot conditions that might be
presented to an actual receiver. Tests on RTSC reoeivers have been
conducted in this way on a number ot occasions in the past. In 1949,
JTAC II provided data in this torm to assist the FCC in early deoisions
ooncerning TV broadoast allocations [4]. In a oomprehensive study of
engineering taotors underlying the allocation ot frequencies tor TV, TASO JI
oonduoted turther tests of this kind in the late 1950s [5], and a systematic
presentation ot these TASO results appears in an FCC technical report ot
1960 [6]. Similar tests were made by the FCC in 1983 [7] and again in
1987 [8]. (The 1983 FCC tests were made in connection with a prototype
advanced technology reoeiver, and those ot 1987 were concerned with NTSC
receivers in relation to the UHF taboos.) Data in this or equivalent torm
tor competing ATV prototypes is needed to support decisions on speotrum
allocation.

9.,1 The distanoe ot 300 km (186 miles) is an approximation ot the ourrent
minimum required separation. In taot, the minimum separation requir_ents
range between 248.6 km (151&.5 m11es) and 353.2 km (219.5 miles) depending on
geographical area and trequenoy band. See Seotion 73.610 ot FCC Rules [2].

II The Joint Technical Advisory Committee (JTAC) oonsisted ot representatives
ot the Institute of Radio Engineers (IRE, a predeoessor ot the IEEE) and the
Radio Manutaoturers' Association (RMA, predeoessor to the EIA).

~I The Television Allocations Study Organization (TASO) was established by
the television industry in 1956 responding to an FCC request.
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In applioation to allocation deoisions, the DIU ratio required by
receivers is compared to the predioted ratio between reoeived signals. A
ohannel assignment ot interest is permissible it the predioted DIU ratio is
at least as great as the one required by reoeivers. The predioted ratio
depends on the distanoe separating the two stations; the required ratio is
that determined by receiver tests 11ke those pertormed by JTAC, TASO and the
FCC on the oooasions mentioned. Tables relating separation distanoes to
predioted DIU ratios are presented in Appendix C. The prediotions are made
trom propagation ourves oontained in the FCC rules [2]. The ratios
tabulated are median values; aotual values vary in ways that can be
desoribed statistically.

Pata Base

The data base used tor the analysis consisted ot 1760 TV stations trOll
the Commission's reoords as ot June 1988. ot these, 706 were VHF and 105_
were UHF. The data base inoludes (1) lioensed stations, (2) prospeotive
stations with valid oonstruotion permits and (3) pending applioations that
have been aooepted tor tiling. Proteotion also was provided tor existing
land mobile operations on channels 14 through 20 in eleven major urban
areas. jl Existing Canadian and Mexioan TV allotments were treated as
requiring the same proteotion as U. S. allotments but not requiring
additional speotrum tor ATV purposes. Low power television (LPTV) and
translator stations were not inoluded in this data base due to their
seoondary status. Theretore, it is possible that some authorized LPTV
stations may oontliot with oertain potential ATV assignments.

RESULTS

ContiguOUS Speotrum

The tirst set ot analyses addresses ATV systems that require
augmentation with contiguous speotrum ot either 3 or 6 MHz. Table 3
presents the results ot these analyses tor minimum separation distanoes
between 300 kID (186 miles) and 160 kID (100 miles) in 10 kID intervals
(approximately every 6 miles). The required (minimum) separation between
adjaoent channel assignments is 96 kID (60 miles).

The numbers tabulated are approximate upper bounds on how many stations
oould be assigned supplemental speotrum. In each case a list ot assignments
sa'tistying the separation distance oonstraints was aotually generated by the
prooedure desoribed above whioh tends to maximize the number ot assignments.
Sinoe these assignments do in taot satisty the oonstraints, at least this
many can be made; sinoe the prooedure is heuristio rather than
mathematically ideal, it is possible that some additional stations could be
aooommodated.

jl Channels tor thirteen areas are listed in Seotion 90.303 ot the
Commission's Rules [2]. However, the channels listed tor Cleveland and

'---../ Detroit are not in use because the conourrenoe ot canada has not been
obtained.
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Table 3 shows that 11'1 of all stations could be provided with 3 MHz of
contiguous spectrum (63'1 it 6 MHz is provided) it the minima cocbaDDel
separation i8 reduced to 160 kill. It, on the other band, current cocbaDDel
separation requir8lents are retained, only 22'1 ot all stations could be
acco_odated with 3 MHz ot spectrum (11'1 it 6 MHz is provided).

Table 3
NUMBER OF STATIONS WHERE CONTIGUOUS SPECTRUM CAR BE ASSIGRED

MIRIMUM NUMBER OF STATIONS FOR WHICH COIfTIGUOUS
SEPARATION SUPPLEMENTAL SPECTRUM IS AVAILABLE

DISTARCE 6-MHz Supplement 3-MHz Supplement
kill m11es VHF UHF Total VHF UHF Total

------------- -------------------------- -------------------------
300 186 24 211 295 (11'1) 31 358 395 (22'1)
290 180 29 2911 323 (18'1) 43 387 430 (24'1)
280 114 38 311 355 (20'1) 53 1113 466 (26'1)
210 168 50 359 409 (23'1) 68 461 535 (30'1)
260 162 62 389 451 (26'1) 82 506 588 (33'1)

250 155 15 420 1195 (28'1) 98 545 643 (31'1)
240 149 83 439 522 (30'1) 106 565 611 (38Sl
230 143 94 473 561 (32'1) 122 600 122 (41'1)
220 131 114 523 631 (36'1) 144 651 195 (45'1)
210 131 150 558 108 (40S) 192 692 884 (50S)

200 124 192 602 194 (45'1) 244 138 982 (56'1)
190 118 233 651 884 (50S) 294 185 1019 (61'1)
180 112 263 690 953 (54'1) 3116 823 1169 (66'1)
110 106 295 122 1011 (58'1) 392 855 1241 (11'1)
160 100 336 113 1109 (63'1) 448 goO 1348 (11'1)
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supplementarI Channels. Hot HeoessarilY Contiguous

The seoond set of analyses addresses cases in which the additional
speotrum does not have to be contiguous. Tables 4 through 6 present the
results of these analyses tor the _e range of oochannel separations as was
used in developing results tor the previous case (Table 3) wbere contiguous
speotrum is required. The required separation between adjacent channel
assigDlllents is 96 km (60 m11es), also the aue as before. The tables in the
series beginning with Table 3 are theretore parallel with respeot to
separation distanoes; the tables ditfer with respeot to the oonstraints
imposed on choioe of frequenoy.

Tables 4 through 6 desoribe progressively more restriotive conditions
on choioe ot frequenoy. The more restriotive oonditions result in tewer
stations being aooommodated, but the progression is also in the direotion of
oonditions that may be more easily satisfied in praotioe.

o Table 4 shows the results when the only limitations on trequenoy
assigDlllents are that they be within the band presently allocated
for terrestrial TV broadcasting and do not violate oochannel or
adjaoent channel distanoe oonstraints. It is found that 100S ot
all stations can be provided with 3 MHz of supplemental speotrum
(96J if 6 MHz is provided) it the minimum oochannel separation
distanoe for the lTV stations is reduoed to 160 km. If, on the
other hand, ourrent coohannel separation requirements are retained,
only about 77J of all stations oould be aooommodated with 3 MHz ot
supplemental speotrum (60J if 6 MHz is provided).

o Table 5 shows the results when a preferenoe is given to making as
many oontiguous assigDlllents as possible. In te~s ot peroentage
aocommodation, only a slight loss is caused by this speoial
condition on choioe of frequenoy. Ve see that almost 100J of all
stations could still be provided with 3 MHz of supplemental
speotrum (95J if 6 MHz is provided) if the cochannel separation
requirement is reduoed to 160 km. If ourrent separation
requirements are retained, only 76J of all stations can be
aooommodated with 3 MHz of supplemental speotrum (59J it 6 MHz is
provided).

o Table 6 shows the consequenoes of requiring that supplemental
frequenoy assigDlllents for VHF stations be in the VHF band and
supplemental assignments for UHF stations be chosen in the UHF
band. Preferenoe is still given to contiguous assigDlllents. Here
we observe that 94J of all stations can be provided with
supplemental speotrum (84J if 6 MHz is provided) if oochannel
separations as olose as 160 km are allowed. Under ourrent II1n1Jlum
separation requirements, however, only 50J of all stations can be
aooommodated (38J if 6 MHz is provided).

Table 7 is inoluded to emphasize the faot that results for aajor cities
should not be expeoted to look like those tor the DRtion as a whole. Ve
have not explored oonditions under which all stations ot major cities can be
aooommodated, or the extent to whioh both nationwide and major city
requirements can be met simultaneously. However, if assignment criteria are
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uniformly applied in all areas, the results for major cities may be
significantly less than for the whole country, as indicated by the sample
results presented in Table 7. The table shows the fallout in seleoted major
oities of oomputer runs that gave no special preferences to them. The
oomputer runs involved are those oorresponding to Table 6, in which VHF
stations are augmented in VHF and UHF stations in UHF.

Table 4
HUMBER or STATIONS WHERE UHF OR VHF SPECTRUM CAlf BE ASSIGDD

Conditions: VHF stations may be augmented in UHF and
vice-versa; no preference for contiguous spectrum.

MINIMUM NUMBER or STATIONS ASSIGNED SUPPLEMENTAL SPECTRUM
SEPARATION

DISTANCE 6-MHz Supplement 3-HBz Supplement
laD m11es VHF UHF Total VHF UHF Total

------------- -------------------------- -------------------------
300 186 536 522 1058 (60S) 605 751 1356 (77S)
290 180 553 556 1109 (63S) 626 773 1399 (79S)
280 174 560 593 1153 (66S) 642 810 1452 (83S)
270 168 578 650 1228 (70S) 648 851 1499 (85S)
260 162 597 677 1274 (72S) 656 888 1544 (8SS)

250 155 604 718 1322 (75S) 662 920 1582 (90S)
240 149 614 752 1366 (7SS) 675 936 1611 (92S)
230 143 627 784 1411 (80S) 676 964 1640 (93S)
220 137 640 842 1482 (84S) 677 985 1662 (94S)
210 131 655 873 1528 (8'7S) 686 1007 1693 (96S)

200 124 658 917 1575 (89S) 698 1022 1720 (9SS)
190 118 666 944 1610 (91S) 702 1030 1732 (9SS)
180 112 677 965 1642 (93S) 705 1042 1747 (99.3S)
170 106 678 979 1657 (94S) 706 1048 1754 (99.7S)
160 100 691 992 1683 (96S) 706 1054 1760 (100S)
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Table 5
HUMBER OF STATIONS WHERE UHF OR VHF SPECTRUM CO BE ASSIGNED

Conditions: VHF stations may be augmented in UHF
and vice-versa; as many contiguous channels as
possible are assigned before proceeding to make
other assignments.

MINIMUM I NUMBER OF STATIONS ASSIGNED SUPPLEMENTAL SPECTRUMI

SEPARATION I
DISTANCE I 6-MHz Supplement I 3-MHz Supplement

km mlies I VHF UHF Total I VHF UHF Total

------------- -------------------------- ------------------~-----
300 186 505 536 10Jn (59S) 581 756 1337 (76S)
290 180 522 569 1091 (62S) 606 785 1391 (79S)
280 174 533 610 1143 (65S) 613 815 1428 (81S)
270 168 555 652 1207 (69S) 623 857 1480 (84S)
260 162 561 694 1255 (71S) 635 884 1519 (86S)

250 155 571 728 1299 (74S) 647 915 1562 (89S)
240 149 587 753 1340 (76S) 660 945 1605 (91S)
230 143 598 798 1396 (79S) 663 962 1625 (92S)
220 137 613 853 1466 (83S) 671 985 1656 (94S)
210 131 625 888 1513 (86S) 677 1003 1680 (95S)

200 124 639 925 1564 (89S) 689 1019 1708 (97S)
190 118 645 952 1597 (91S) 696 1026 1722 (98S)
180 112 660 969 1629 (93S) 702 1044 1746 (99.2S)
170 106 661 987 1648 (94S) 702 1049 1751 (99.5S)
160 100 675 1002 1677 (95S) 706 1053 1759 (99.9S)
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Table 6
HUMBER OF STATIONS WHERE SAME-BJIID SPECTRUM CAl BE ASSIGNED

Conditions: VHF stations augmented within VHF, and UHF
within UHF; preference 8iven to oontiguous spectrum.

MINIMUM NUMBER OF STATIONS ASSIGNED SUPPLEMENTAL SPECTRUM
SEPARATION

DISTANCE 6-MHz Supplement 3-MBz Supplement
laD miles VHF UHF Total VHF UHF Total

------------- -------------------------- -------------------------
300 186 47 626 673 (38J) 70 811 881 (50J)
290 180 60 656 716 (41J) Err 849 936 (53J)
280 174 72 698 770 (44J) 106 873 979 (56J)
270 168 88 733 821 (47J) 125 906 1031 (59J)
260 162 111 764 875 (50J) 150 929 1079 (61J)

250 155 131 799 930 (53J) 183 956 1139 (65J)
240 149 146 819 965 (55J) 211 985 1196 (68J)
230 143 171 864 1035 (59J) 247 997 1244 (71J)
220 137 201 899 1100 (63J) 282 1017 1299 (74J)
210 131 254 925 1179 (67J) 356 1029 1385 (79J)

200 124 297 962 1259 (72J) 416 1044 1460 (83J)
190 118 343 976 1319 (75J) 474 1045 1519 (86J)
180 112 377 995 1372 (78J) 516 1053 1569 (89J)
170 106 405 1004 1409 (8OJ) 559 1054 1613 (92J)
160 100 453 1027 1480 (BJlJ) 601 1054 1655 (94J)
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Table 7
SAMPLE RESULTS IN MAJOR CITIES

WHEN A LARGE NUMBER OF ASSIGNMERTS IS SOUGHT FOR NATION AS A WHOLE

Conditions: VHF stations augmented with VHF speotrUDI
and UHF with UHF; contiguous assigDJllents wherever
possible; adjaoent channel separation of 96 km (60 miles).

The nUDIber of stations aooommodated in partioular cities
does not always vary oonsistently with nUDIber aooommodated
nationwide. This refleots the faot that the computer runs
were targeted on the nation as a whole.

CITY
HUMBER OF
STATIONS

NUMBER OF STATIONS PROVIDED 6-MRZ SUPPLBMERTAL
SPECTRUM AT INDICATED COCHAHREL SEPARATION

160 laD 200 laD 250 km 300 laD
(100 mi) (124 mi) (155 mi) (186 mi)

Boston 10
Detroit 7
Dallas/Ft. Worth 15
Washington DC 10
Houston 11

New York 12
Los Angeles 15
Chioago 13
Philadelphia 10
San Franoisoo 13

1259/72' 930/53' 673/3~Nationwide 1760
..,

5
9
9
5
8

4
3

11
6
9

1480/84'

o
5
8
2
7

2
o

10
5
9

1
4
5
1
6

2
o

10
1
9

o
5
2
o
8

o
o
9
o
8

CITY
HUMBER OF
STATIONS

HUMBER OF STATIONS PROVIDED 3-MBZ SUPPLEMENTAL
SPECTRUM AT INDICATED COCHAHHEL SEPARATION

160 laD 200 laD 250 km 300 laD
(100 mi) (124 mi) (155 mi) (186 mi)

New York 12
Los Angeles 15
Chicago 13
Philadelphia 10
SaD Franoisco 13

Boston 10
Detroit 7
Dallas/Ft. Worth 15
Washington DC 10
Houston 11

1460/83' 1139/65' 881/50'Nationwide 1760

6
12
10
6
9

7
4

14
8

11

1655/94'
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4
10

9
4
8

6
3

11
6

10

2
8
8
o
8

4
1

10
3 .
9

1
5
2
1
8

3
1
9
3
8



CONCLUSIONS

ATV syst_s must be able to operate at reduced min1JDuJl separation
distances. If the .inimum separation distances of the current FCC rules are
retained, it is impossible to accommodate all TV stations.

ATV systems must have substantially better interference rejection
characteristics than existing HTSC systems. Shortcomings in interference
rejection capability would result in reductions in .rvice areas, and such
reductions would have the greatest impact on broadcast TV service in the
.ajor cities. (ATV syst_s must also be designed to avoid interfering with
service provided by existing HTSC stations.)

ATV systems that reqUire a continuous span of 9 or 12 MHz cannot be
accommodated without a restructuring of the present broadcasting system and
allotment table. Contiguous spectrum, i.e. spectrum adjacent to current
assignments, is available to no more than about 80~ of existing TV stations
under any conditions that seem realistic.

Further work is needed to investigate possibilities for accommodation
of all stations with more favorable spacing by some degree of repacking,
that is, by minor adjustments of channel allotments.
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APPENDIX A

EXAMPLES OF THE ATV SYSTEMS UNDER DEVELOPMENT

Some ATV systems can operate within a single 6-HRz channel. Such systems
would not require extra spectrum except for the purpose of simultaneously
broadcasting an NTSC and an ATV signal. The list below is from R. K. Jurgen,
"High-definition Television Update", IEEE Spectrum, April 1988.

SINGLE-CHANNEL
SYSTEMS INDUSTRIAL DEVELOPER

ACTV NBC, RCA, Barnoff

Bandwidth- MIT
efficient

Fukinuki Hitachi

HD-NTSC Del Rey Group

Receiver- MIT
compatible

SuperNTSC Faroudja Labs

Yasumoto Matsushita

SPECTRUM
REQUIREMENT (MHz)

6

6

6

6

6

6

6

Systems requiring more than 6 MHz for transmission are:

WIDE-BANDWIDTH SPECTRUM
SYSTEMS INDUSTRIAL DEVELOPER REQUIREMENT (MHz)

HDMAC-60 North American Philips 9.5

MUSE NHK, Japan 10

HDV-MAC Scientific Atlanta 10.7

The systems above need contiguous spectrum in contrast to oertain others.
Others (below) could be implemented with separate augmentation channels
selected in a way to minimize potential interference.

DUAL-CHANNEL SPECTRUM
SYSTEMS INDUSTRIAL DEVELOPER REQUIREMENT (MHz)

Glenn N.Y. Institute of 6 + 3
Technology

AT&T Bell Laboratories 6 + 6

HDNTSC North American Philips 6 + 6



APPENDIX B

HOW CHANNELS MAY BE EXPANDED WITH CONTIGUOUS SPECTRUM

Contiguous spectrum is required tor a number ot the ATV systems under
development, inoluding HDMlC-60 (North American Philips), MOSE (NHK, Japan),
HDV-MAC (Scientific Atlanta).

Suitable plans Cor channelization with contiguous speotrum involve SOlIe
oomplexities because ot gaps in the TV broadcast spectrum. For eDDIple,
channel 4 can be aupented by contiguous spectrum overlapping channel 3 (the
lower adjaoent channel), but channel 5 IlU8t be aupented by contiguous
speotrum overlapping channel 6 (upper adjacent).

ul_I_I_lul_I_lul_I_I_I_I_I_I_lu
• 02 03 04 05 06 07 08 09 10 11 12 13

ul_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_lu
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

ul_I_I_I_I_I_I_I_I_I_I_I_I_I .. and so on to •• I_lu.
38 39 40 41 42 43 44 45 46 47 4H 49 50 69

Four approaches to annexing contiguous spectrum to existing channels can be
distinguished, as illustrated below. The last approach, labeled "Upper or
lower", allows by Car the largest number ot w1deband channels.

UPPER: Adding upper adjacent
spectrum is not possible tor
about 215 existing stations
nationwide.

LOWER: Adding lower adjaoent
spectrum is not possible tor
about 225 stations. N-1

'--~---::~-- --:ooסס"':':--- •• •
Channel N N+1

Channel N

N-1

UPPER AND LOWER: Using both
upper and lower has
disadvantages ot both.

••• 1__•••
Channel N N+1

UPPER OR LOWER: Assuming a system
in which either can be used •••••••••• 1 -----1 .
obtains the advantages ot both. N-1 Channel N N+1



APPEHDII C

TABLES RELATING SEPARATION DISTANCES TO DIU RATIOS

In order to share the same channel, two stations should be separated by a
distance sufficient to make the other signal relatively small everywhere
within either's service area. Tables in this appendix relate separation
distance to the ratio between respective signals expected at specific
reception distances trom the desired station. The shorter the reception
distance, the larger the predicted desired-to-undesired (DIU) ratio; greater
separation distances also provide greater DIU ratios.

Tables C-1 through C-3 are tor low VHF (channels 2-6), high VHF (channels
7-13), and UHF (channels 14-69) respectively.

The values tabulated are medians with respect to variations fram place to
place. The standard deviation of these variations may be estimated as 11 dB
for low band VHF (channels 2-6; 54-88 MHz), and the standard deviation is
greater by about 2 dB tor every doubling of frequency. These estimates are
made assuming that variations in desired and undesired signals are
independent. The value for low band and the estimate of frequency dependence
comes tram a report by John Egli entitled "Radio Propagation above 40 MC
over Irregular Terrain", Proc. IRE, Vol. 45, No. 10, October 1957.



DIU lin dB) AT INDICATED CONTOUR DISTANCE
SEPARATION (oontour distanoes in kilometers)
DIST Oem) 32.0 40.0 48.0 56.0 64.0 12.0 80.0 88.0 96.0 104.0
----------------------------------------------------------------------
300.0 56.1 50.4 44.9 39.8 34.9 30.1 25.3 20.6 15.8 11.3
290.0 54.5 48.7 43.2 38.1 33.2 28.4 23.6 18.9 14.1 9.5
280.0 52.8 47.0 41.6 36.5 31.5 26.7 21.9 17.1 12.2 7.6
270.0 51.1 45.3 39.9 34.8 29.8 25.0 20.1 15.2 10.4 5.9
260.0 49.5 43.7 38.2 33.1 28.1 23.2 18.2 13.4 8.7 4.1
250.0 47.8 42.0 36.5 31.3 26.2 21.3 16.5 11.7 6.9 2.2
240.0 46.1 40.3 34.7 29.5 24.4 19.6 14.7 9.9 5.0 0.1
230.0 44.4 38.5 32.9 27.6 22.6 17.8 12.9 7.9 2.9 -2.0
220.0 42.6 36.6 31.1 25.9 20.9 15.9 10.9 5.8 0.7 -4.2
210.0 40.7 34.8 29.3 24.1 19.0 13.9 8.8 3.7 -1.5 -6.9
200.0 38.9 33.1 27.5 22.2 16.9 11.8 6.6 1.3 -4.3 -10.0
190.0 37.2 31.3 25.6 20.1 14.8 9.6 4.2 -1.6 -7.5 -13.1
180.0 35.3 29.3 23.4 18.0 12.6 7.1 1.2 -4.7 -10.6 -16.4
170.0 33.3 27.1 21.3 15.7 9.9 4.0 -2.0 -7.9 -14.0 -19.9
160.0 31.1 25.0 19.0 12.9 6.8 0.8 -5.2 -11.3 -17.5 -23.7

DIU (in dB) AT INDICATED CONTOUR DISTANCE
SEPARATION (oontour distanoes in miles)
DIST (mi) 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
----------------------------------------------------------------------
190.0 56.9 51.1 45.7 40.6 35.6 30.8 26.0 21.2 16.5 12.0
185.0 55.6 49.8 44.3 39.2 34.3 29.4 24.7 19.9 15.1 10.6
180.0 54.3 48.5 43.0 37.9 32.9 28.1 23.3 18.5 13.7 9.1
175.0 52.9 47.1 41.7 36.5 31.5 26.7 21.9 17 .1 12.2 7.6
170.0 51.6 45.8 !to.3 35.2 30.2 25.4 20.5 15.6 10.7 6.2
165.0 50.3 44.4 39.0 33.8 28.8 23.9 19.0 14.1 9.3 4.8
160.0 48.9 43.1 37.6 32.4 27.4 22.4 17.5 12.7 7.9 3.3
155.0 47.5 41.7 36.2 31.0 25.9 20.9 16.1 11.3 6.4 1.8
150.0 46.2 40.3 34.8 29.5 24.4 19.5 14.7 9.8 4.9 0.1
145.0 44.8 38.9 33.3 28.0 23.0 18.1 13.2 8.3 3.2 -1.6
140.0 43.4 37.4 31.8 26.6 21.6 16.7 11.7 6.6 1.5 -3.4
135.0 41.9 35.9 30.4 25.2 20.1 15.1 10.0 4.9 -0.2 -5.2
130.0 40.4 34.5 29.0 23.8 18.6 13.5 8.3 3.2 -2.1 -7.5
125.0 39.0 33.1 27.5 22.2 1b.9 11.7 6.6 1.3 -4.4 -10.0
120.0 37.6 31.7 26.0 20.6 15.2 10.0 4.7 -1.0 -6.9 -12.6
115.0 36.1 30.1 24.3 18.8 13.5 8.1 2.4 -3.5 -9.4 -15.1
110.0 34.6 28.5 22.6 17.1 11.6 5.9 -0.1 -6.0 -12.0 -11.9
105.0 32.9 26.7 20.9 15.2 9.3 3.3 -2.6 -8.6 -14.7 -20.7
100.0 31.2 25.0 19.0 12.9 6.8 0.8 -5.2 -11.4 -17.6 -23.8

Conditions: Both transmitters have the same power, and both tran8llitting
antennas are at a height of 305 meters (1000 feet) above average terrain.
The DIU ratios appearing in the table are determined from propagation
prediotion ourves in FCC rules. At the indicated contour distance, a signal
ratio at least this great is expeoted at 50S of looations at least 90S of
the time.

TABLE C-1. DIU Ratios for Low VHF Stations (Channels 2-6)



DIU (in dB) AT INDICATED CONTOUR DISTANCE
",--, SEPARATION (contour distanoes in kilometers)

DIST (lem) 32.0 40.0 48.0 56.0 64.0 72.0 80.0 88.0 96.0 104.0
----------------------------------------------------------------------
300.0 59.3 53.9 48.4 42.9 37.5 32.0 26.7 21.6 16.6 11.6
290.0 57.7 52.2 46.7 41.2 35.7 30.3 25.1 19.8 14.7 9.9
280.0 56.0 50.4 44.9 39.4 34.0 28.7 23.2 18.0 13.0 8.1
270.0 54.2 48.7 43.2 37.8 32.3 26.8 21.4 16.2 11.2 6.3
260.0 52.5 47.0 41.5 36.0 30.4 25.0 19.7 14.4 9.4 4.5
250.0 50.8 45.3 39.7 34.1 28.7 23.2 17.9 12.6 7.6 2.6
240.0 49.1 43.4 37.9 32.4 26.9 21.5 16.1 10.8 5.7 0.6
230.0 47.2 41.6 36.1 30.6 25.1 19.6 14.2 8.9 3.7 -1.5
220.0 45.4 39.9 34.3 28.8 23.3 17.8 12.3 6.8 1.5 -4.0
210.0 43.7 38.1 32.5 27.0 21.4 15.8 10.2 4.6 -1.1 -6.9
200.0 41.9 36.3 30.7 25.1 19.4 13.7 7.9 2.0 -4.1 -10.2
190.0 40.1 34.4 28.8 23.1 17.3 11.3 5.1 -1.2 -7.4 -13.5
180.0 38.2 32.5 26.7 20.9 14.8 8.5 2.0 -4.5 -10.8 -17.5
170.0 36.3 30.4 24.5 18.3 11.9 5.2 -1.3 -8.0 -14.9 -21.9
160.0 34.1 28.1 21.9 15.3 8.6 1.9 -5.0 -12.2 -19.3 -26.0

DIU (in dB)' AT INDICATED CONTOUR DISTANCE
SEPARATION (oontour distanoes in miles)
DIST (mi) 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
----------------------------------------------------------------------
190.0 60.1 54.7 49.2 43.7 38.2 32.8 27.4 22.3 17.3 12.4
185.0 58.8 53.3 47.8 42.3 36.8 31.4 26.0 20.9 15.8 10.9
180.0 57.5 51.9 46.4 40.9 35.4 30.0 24.7 19.4 14.3 9.5
175.0 56.1 50.5 45.0 39.5 34.0 28.7 23.2 17 .9 12.9 8.1
170.0 54.7 49.1 43.6 38.1 32.7 27.2 21.7 16.5 11.5 6.6
165.0 53.3 47.7 42.3 36.8 31.2 25.7 20.3 15.1 10.1 5.2
160.0 51.9 46.4 40.9 35.3 29.7 24.3 18.9 13.7 8.6 3.7
155.0 50.5 45.0 39.4 33.8 28.3 22.9 17.5 12.2 7.1 2.2
150.0 49.2 43.5 37.9 32.4 26.9 21.4 16.0 10.7 5.6 0.6
145.0 47.7 42.0 36.5 31.0 25.5 20.0 14.5 9.2 4.0 -1.1
140.0 46.2 40.6 35.1 29.6 24.0 18.5 13.0 7.6 2.3 -3.0
135.0 44.8 39.2 33.7 28.1 22.5 17.0 11.4 5.9 0.4 -5.1
130.0 43.4 37.8 32.2 26.6 21.0 15.4 9.7 4.1 -1.7 -7.6
125.0 42.0 36.3 30.7 25.1 19.4 13.7 7.8 1.9 -4.2 -10.2
120.0 40.5 34.8 29.2 23.5 17.7 11.8 5.7 -0.6 -6.8 -12.9
115.0 39.0 33.3 27.6 21.8 15.8 9.7 3.2 -3.2 -9.5 -15.8
110.0 37.5 31.7 25.9 19.9 13.7 7.2 0.6 -5.9 -12.4 -19.3
105.0 35.9 30.0 24.0 17.8 11.2 4.6 -2.1 -8.8 -15.9 -22.8
100.0 34.2 28~2 21.9 15.3 8.6 1.9 -5.0 -12.2 -19.4 -26.1

Conditions: Both transmitters have the AllIe power, and both transmitting
antennas are at a height ot 305 meters (1000 teet) above average terrain.
The DIU ratios appearing in the table are determined trom propagation
prediction ourves in FCC rules. At the indicated contour distanoe, a signal
ratio at least this great is expected at 50~ ot locations at least 90~ ot
the time.

TABLE C-2. DIU Ratios tor High VHF Stations (Channels 7-13)



DIU (in dB) AT INDICATED CONTOUR DISTANCE
SEPARATION (oontour distanoes in kilometers)
DIST (lcm) 32.0 40.0 48.0 56.0 64.0 72.0 80.0 88.0 96.0 104.0
----------------------------------------------------------------------
300.0 58.3 51.8 45.2 38.7 32.3 26.4 21.1 16.0 11.3 6.9
290.0 56.7 50.1 43.6 37.1 30.6 24.7 19.3 14.3 9.6 5.2
280.0 55.1 48.5 41.9 35.4 28.9 23.0 17.6 12.6 7.9 3.5
270.0 53.5 46.8 40.2 33.7 27.2 21.2 15.9 10.9 6.2 1.6
260.0 51.8 45.1 38.5 31.9 25.5 19.5 14.2 9.1 4.2 -0.3
250.0 50.1 43.4 36.8 30.2 23.8 17.9 12.4 7.2 2.5 -2.0
240.0 48.4 41.7 35.0 28.5 22.1 16.0 10.5 5.4 0.7 -3.9
230.0 46.6 39.9 33.4 26.8 20.1 14.1 8.7 3.6 -1.2 -5.8
220.0 44.9 38.3 31.6 24.9 18.3 12.4 6.9 1.7 -3.2 -7.9
210.0 43.2 36.4 29.7 23.1 16.6 10.5 5.0 -0.3 -5.3 -10.2
200.0 41.4 34.5 27.9 21.3 14.7 8.6 3.0 -2.4 -7.7 -12.8
190.0 39.5 32.8 26.1 19.4 12.7 6.6 0.8 -4.9 -10.3 -15.6
180.0 37.7 31.0 24.2 17.4 10.7 4.3 -1.7 -7.5 -13.1 -18.7
170.0 35.9 29.0 22.2 15.3 8.3 1.7 -4.4 -10.4 -16.3 -22.5
160.0 34.0 27.0 20.1 12.9 5.8 -1.0 -7.3 -13.7 -20.3 -27.1

DIU (in dB) AT INDICATED CONTOUR DISTANCE
SEPARATION (oontour distanoes in miles)
DIST (mi) 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
----------------------------------------------------------------------
190.0 59.1 52.5 45.9 39.4 33.0 27.1 21.8 16.7 12.0 7.5
185.0 57.8 51.2 44.6 38.1 31.7 25.7 20.4 15.3 10.6 6.1
180.0 56.5 49.9 43.3 36.8 30.3 24.4 19.0 13.9 9.2 4.8
175.0 55.2 48.6 42.0 35.4 28.9 23.0 17.6 12.5 7.8 3.4
170.0 53.9 47.2 40.6 34.0 27.5 21.6 16.2 11.2 6.5 1.9
165.0 52.6 45.9 39.2 32.6 26.1 20.2 14.8 9.8 5.0 0.4
160.0 51.2 44.5 37.9 31.2 24.7 18.8 13.5 8.3 3.4 -1.0
155.0 49.8 43.1 36.5 29.8 23.4 17 .5 12.0 6.8 2.0 -2.5
150.0 48.4 41.7 35.1 28.5 22.0 15.9 10.4 5.3 0.6 -4.0
145.0 47.0 40.3 33.7 27.1 20.5 14.4 9.0 3.9 -0.9 -5.5
140.0 45.7 39.0 32.4 25.6 19.0 13.0 7.6 2.4 -2.5 -7.1
135.0 44.3 37.6 30.8 24.1 17.6 11.6 6.1 0.9 -4.1 -8.9
130.0 42.9 36.1 29.3 22.7 16.1 10.1 4.5 -0.7 -5.8 -10.8
125.0 41.4 34.6 27.9 21.2 14.6 8.5 2.9 -2.5 -7.8 -12.9
120.0 39.9 33.1 26.5 19.7 13.1 6.9 1.2 -4.4 -9.8 -15.1
115.0 38.5 31.7 25.0 18.2 11.5 5.2 -0.8 -6.5 -12.0 -17.4
110.0 37.1 30.2 23.4 16.6 9.7 3.2 -2.8 -8.7 -14.4 -20.2
105.0 35.5 28.6 21.8 14.8 7.8 1.1 -5.0 -11.0 -17.1 -23.5
100.0 34.0 27.0 20.1 12.9 5.7 -1.1 -7.4 -13.8 -20.4 -27.2

Conditions: Both transmitters have the aame power, and both transmittiog
antennas are at a height ot 366 meters (1200 teet) above average terrain.
The DIU ratios appearing in the table are determined trom propagation
prediotion ourves in FCC rules. At the indicated oontour distanoe, a sigDal
ratio at least this great is expeoted at 50% ot looations at least 90% ot
the time.

TABLE C-3. DIU Ratios tor UHF Stations (Channels 14-69)


